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[57] ABSTRACT 
A plurality of directional control valves (5, 6) respec 
tively disposed between a hydraulic pump (50) and a 
plurality of actuators (3, 4) each comprises a pump port 
(9), a pressure chamber (10), a feeder passage (11), actu 
ator ports (12a, 12b), a reservoir port (13), ?rst meter-in 
variable restrictors (15a, 15b) disposed between the 
pump port and the pressure chamber, and a pressure 
compensating valve (16) disposed between the pressure 
chamber and the feeder passage and having a pair of 
opposite ends, one of which is subjected to a pressure in 
the pressure chamber and the other of which is sub 
jected to a maximum load pressure among the plurality 
of actuators. The hydraulic pump (1) includes a pump 
flow control device (2) for controlling a delivery rate of _ 
the hydraulic pump so that a delivery pressure of the 
hydraulic pump is held higher by a predetermined value 
than the maximum pressure obtained, as a load sensing 
pressure, from load pressures of the plurality of actua 
tors. At least one of the plurality of directional control 
valves has a bleed passage (21) for communicating be 
tween the feeder passage (11) and the reservoir port 
(13), and second variable restrictors (22a, 22b) disposed 
in the bleed passage and moved in conjunction with the 
?rst meter-invariable restrictors, making it possible to 
prevent abrupt operation of the actuator adapted for 
driving an inertial body, and suppress vibration pro 
duced in a circuit even when any of the pump delivery 
rate and the load pressure is ?uctuated. 

12 Claims, 8 Drawing Sheets 
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HYDRAULIC DRIVE SYSTEM AND 
DIRECTIONAL CONTROL VALVE 

TECHNICAL FIELD 

The present invention relates to a hydraulic drive 
system and a directional control valve, and more partic 
ularly to a hydraulic drive system and a directional 
control valve for use in construction machines, such as 
hydraulic excavators, each having a plurality of actua 
tors. 

BACKGROUND ART 

A hydraulic drive system for use in construction 
machines such as hydraulic excavators comprises a 
hydraulic pump, a plurality of hydraulic actuators 
driven by a hydraulic ?uid supplied from the hydraulic 
pump, and a plurality of directional control valves for 
controlling respective ?ow rates of the hydraulic ?uid 
supplied from the hydraulic source to a plurality of 
actuators. 
From the standpoint of reducing energy consumption 

primarily, it is proposed in a hydraulic drive system of 
that type to employ a load sensing control technique for 
controlling a delivery pressure of the hydraulic pump 
dependent on the load pressure. As examples of such a 
hydraulic drive system, there are known GB 
2,195,745A, DE 2,906,670Al, US. Pat. No. 4,939,023, 
etc. To carry out the load sensing control, those exam 
ples of the prior art employ a pump ?ow controller for 
controlling a delivery rate of the hydraulic pump so that 
the delivery pressure of the hydraulic pump is held 
higher by a ?xed value than a maximum load’pressure 
among the plurality of actuators. The plurality of direc 
tional control valves each comprises a pump port, a 
pressure chamber capable of communicating with the 
pump port, a feeder passage capable of communicating 
with the pressure chamber, an actuator port capable of 
communicating with the feeder passage, a reservoir 
port capable of communicating with the actuator port, 
a ?rst meter-in variable restrictor disposed between the 
pump port and the pressure chamber, and a pressure 
compensating valve having a pair of opposite ends, one 
of which is subjected to a pressure in the pressure cham 
ber and the other of which is subjected to the maximum 
load pressure among the plurality of actuators. With the 
pair of opposite ends respectively subjected to the pres 
sure in the pressure chamber and the maximum load 
pressure, as mentioned above, the pressure compensat 
ing valve serves to control the pressure in the pressure 
chamber dependent on the maximum load pressure for 
holding the differential pressure across the meter-in 
variable restrictor at a ?xed value, during the combined 
operation in which plural actuators are driven simulta 
neously. The differential pressures across the meter-in 
variable restrictors of all the directional control valves 
are thereby made equal to one another so that the ?ow 
rate of the hydraulic ?uid from the hydraulic pump is 
distributed in accordance with the ratio of opening area 
between the variable restrictors to perform the desired 
combined operation. 
Of the prior art, the apparatus disclosed in U.S. Pat. 

No. 4,939,023 is arranged such that one of the direc 
tional control valves comprises a pressure reducing 
valve disposed between the pressure compensating 
valve and the actuator port for reducing the pressure of 
the hydraulic ?uid supplied to the associated actuator, a 
load line for leading out the load pressure via a ?xed 
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2 
restrictor, and a proportional pressure relief valve of 
which relief setting pressure is regulated by a pilot pres 
sure from a control lever unit to limit the pressure in the 
load line, the pressure in the load line being led to act on 
a setting sector of the pressure reducing valve to 
thereby control an outlet pressure of the pressure reduc 
ing valve dependent on the setting pressure of the pro 
portional pressure relief valve. 
The above examples of the prior art have, however, 

the following problems. 
In the hydraulic drive systems disclosed in the above 

cited GB 2,195,745 and DE 2,906,670Al, when a con 
trol lever for the directional control valve is manipu 
lated to operate the associated actuator, the hydraulic 
?uid is momentarily forced to flow at a ?ow rate corre 
sponding to the resultant opening of the meter-in vari 
able restrictor of the directional control valve. Accord 
ingly, upon the control lever being quickly manipu 
lated, the actuator is abruptly operated. This raises a 
problem in the case of driving a member of large inertia 
such as a swing of a hydraulic excavator, for example. 
More speci?cally, while the ?ow rate is abruptly in 
creased upon the control lever of the directional control 
valve being quickly manipulated, the swing to be driven 
by a swing motor has large inertia and, therefore, the 
pressure in the system reaches the relief pressure set for 
limiting a maximum value of the circuit pressure. In this 
event, the prior art can no longer effect the pressure 
control and an acceleration of the swing as an inertial 
body is maximized, causing an operator to feel a shock. 
This also practically holds true in the case of traveling, 
boom-up and so forth other than the swing. 

Further, in the aforementioned hydraulic drive sys 
tem, when a tilting angle of the hydraulic pump is 
changed to a small extent, the ?ow rate of the hydraulic 
?uid delivered from the hydraulic pump is also changed 
and so is the sensing pressure, i.e., the maximum load 
pressure. 'If the amount of such a change is large, the 
delivery rate of the hydraulic pump is changed again to 
a large extent, which may cause oscillation in the circuit 
as a result of repetitions of the above process. 
On the other hand, with the prior art disclosed in US. 

Pat. No. 4,939,023, the pressure of the hydraulic ?uid 
supplied to the actuator is reduced in response to the 
pilot pressure at start-up of the swing, thereby prevent 
ing the swing motor from being abruptly operated. 
Also, even when the delivery rate of the hydraulic 
pump is slightly ?uctuated, the load pressure of the 
swing motor will not ?uctuate, because the setting of 
the proportional pressure relief valve is ?xed and so is 
the setting of the pressure reducing valve as long as the 
operation amount of the control lever is kept ?xed. It is 
thus possible to ‘suppress change in the load sensing 
pressure caused by slight ?uctuations in the pump deliv 
ery rate. However, this prior art has the following prob 
lem. 
When the swing starts its inertial rotation after start 

up thereof, the load pressure of the swing motor is 
reduced. If the load pressure lowers below the setting 
pressure of the pressure reducing valve, the latter valve 
can no longer effect its function. Under that condition, 
when the delivery rate of the hydraulic pump is slightly 
?uctuated as mentioned before, the load pressure of the 
swing motor is changed and so is the load sensing pres 
sure, which may cause oscillation in the circuit, as with 
the foregoing prior art. 
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There is generally such a tendency that when the 

load pressure is changed so as to increase during the 
operation of an actuator, vibration of the actuator is 
damped if the ?ow rate of the hydraulic ?uid supplied 
to the actuator is reduced, continues if it remains the 
same, and is brought into oscillation if it is increased. 
With the prior art disclosed in U.S. Pat. No. 4,939,023, 
since the proportional relief valve is closed under a 
condition that the load pressure of the swing motor is 
reduced below the setting pressure of the pressure re 
ducing valve, no part of the hydraulic ?uid passing 
through the directional control valve is now discharged 
into a reservoir (tank) via the proportional relief valve. 
In other words, all of the hydraulic ?uid passing 
through the directional control valve is supplied to the 
actuator. Further, there isno ?ow of the hydraulic ?uid 
reaching the load line through the ?xed restrictor, the 
pressure in the load line becomes equal to the load pres 
sure so that the differential pressure across the direc 
tional control valve is controlled to be constant as usual 
through the load sensing control of the hydraulic pump, 
thus rendering constant the ?ow rate of the hydraulic 
?uid passing through the directional control valve. 
Accordingly, when the load pressure is changed so as to 
increase during the operation of an actuator as men 
tioned above, the ?ow rate of the hydraulic ?uid sup 
plied to the actuator remains the same. As a result, load 
?uctuations will not be damped once occurred, which 
may impair the working efficiency. 

It is an object of the present invention to provide a 
hydraulic drive system and a directional control valve 
for use in construction machines, which can realize 
pressure control while maintaining adequate distribu 
tion of ?ow rates, prevent abrupt operation of an actua 
tor adapted for driving an inertial body, and further 
suppress vibration produced in a circuit even when any 
of the pump delivery rate and the load pressure is ?uc 
tuated. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, in accordance with the 
present invention, there is provided a hydraulic drive 
system for a construction machine comprising hydrau 
lic pressure supply means; a plurality of actuators 
driven by a hydraulic ?uid supplied from said hydraulic 
pressure supply means; and a plurality of directional 
control valves respectively disposed between said by 
draulic pressure supply means and said plurality of actu 
ators, and each comprising a pump port, a pressure 
chamber capable of communicating with said pump 
port, a feeder passage capable of communicating with 
said pressure chamber, actuator ports capable of com 
municating with said feeder passage, a reservoir port 
capable of communicating with said actuator ports, ?rst 
meter-in variable restrictors disposed between said 
pump port and said pressure chamber, and a pressure 
compensating valve disposed between said pressure 
chamber and said feeder passage and having a pair of 
opposite ends, one of which is subjected to a pressure in 
said pressure chamber and the other of which is sub 
jected to a maximum load pressure among said plurality 
of actuators, said hydraulic pressure supply means hav 
ing a hydraulic pump and pump ?ow control means for 
controlling a delivery rate of said hydraulic pump so 
that a delivery pressure of said hydraulic pump is held 
higher by a predetermined value than the maximum 
pressure obtained, as a load sensing pressure, from load 
pressures of said plurality of actuators, wherein at least 
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4 
one of said plurality of directional control valves has a 
bleed passage for communicating between said feeder 
passage and said reservoir port, and second variable 
restrictors disposed in said bleed passage and moved in 
conjunction with said first meter-in variable restrictors. 

Preferably, the second variable restrictors are set 
such that the opening areas thereof become smaller as 
opening areas of the ?rst variable restrictors increase. 
With the present invention thus arranged, since the 

directional control valves having associated pressure 
compensating valves are respectively provided for the 
actuators, the differential pressures across the ?rst me 
ter-in variable restrictors of the directional control 
valves are all equal to one another. Accordingly, ?ow 
rates of the hydraulic ?uid supplied to the respective 
actuators are distributed in accordance with the ratio of 
opening area between the associated variable restric 
tors, so that the combined operation can be performed 
as usual. Also, when driving the actuator which under 
goes a load of large inertia, a part of the hydraulic ?uid 
within the feeder passage is caused to ?ow into a reser 
voir via the bleed passage and the second variable re 
strictor provided in the bleed passage in an appropriate 
amount. Therefore, a rise in the load pressure is sup 
pressed to prevent abrupt operation of the actuator 
driving the associated inertial body, whereby the iner 
tial body can be driven smoothly. 

Further, even if the ?ow rate of the hydraulic ?uid ' 
delivered from the hydraulic pressure supply means is 
?uctuated to some extent, a part of the delivery ?ow 
rate is returned to the reservoir through the bleed pas 
sage. Consequently, change in the load sensing pressure 
incidental to such ?uctuations in the delivery ?ow rate 
is suppressed to prevent oscillation produced in the 
circuit. 

In addition, when the load pressure is changed so as 
to increase during operation of the actuator, the ?ow 
rate of the hydraulic ?uid passing through the direc 
tional control valve is controlled by the pump ?ow 
control means to be kept constant, while the ?ow rate 
of the hydraulic ?uid returned to the reservoir via the 
bleed passage is increased with such a rise in the load 
pressure. As a result, the ?ow rate of the hydraulic ?uid 
supplied to the actuator is reduced and thus vibration of 
the actuator is damped. 

Preferably, the directional control valve further com 
prises a third restrictor disposed in a portion of the 
bleed passage between the feeder passage and the sec 
ond variable restrictors, and a signal passage for intro 
ducing, as the load sensing pressure, a pressure residing 
in a portion of the bleed passage between the second 
variable restrictors and the third restrictor. 
With the present invention thus arranged, when the 

load pressure of the actuator is changed so as to in 
crease, the ?ow rate of the hydraulic ?uid passing 
through the third restrictor is increased and the pressure 
drop across the third restrictor is enlarged. 0n the other 
hand, the pump control means controls the delivery rate 
of the hydraulic pump so that the delivery pressure of 
the hydraulic pump is held higher by a ?xed value than 
the pressure in the portion of the bleed passage between 
the second variable restrictors and the third restrictor 
and, therefore, the differential pressure across the ?rst 
meter-in variable restrictor is reduced. Accordingly, 
the ?ow rate of the hydraulic ?uid passing through the 
directional control valve is also reduced. With this de 
crease in the ?ow rate of the hydraulic ?uid passing 
through the directional control valve, in addition to an 
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increase in the ?ow rate of the hydraulic ?uid returned 
to the reservoir via the bleed passage as set forth above, 
the flow rate of the hydraulic ?uid supplied to the actu 
ator is reduced to damp the vibration of the actuator. 
Moreover, with the provision of the third restrictor, the 
?ow rate of the hydraulic ?uid to be returned to the 
reservoir via the bleed passage is reduced, resulting in 
the smaller energy loss. ' 

Preferably, the directional control valve further in 
cludes a load check valve disposed between a connec 
tion point of the feeder passage to the bleed passage and 
the actuator ports. This prevents the hydraulic ?uid 
from reversely ?owing from the actuator ports. 

Preferably also, the directional control valve has a 
spool movable through a stroke dependent on an opera 
tion amount, and the ?rst and second variable restric 
tors are formed on the same spool. By so forming the 
?rst and second variable restrictors on the same spool, 
the abovestated operation can be obtained with a simple 
structure. 

Additionally, to achieve the above object, the present 
invention also provides the directional control valve 
arranged as set forth before. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a hydraulic drive 
system according to a ?rst embodiment of the present 
invention. 
FIG. 2 is a diagram showing details of a pump con 

troller shown in FIG. 1. 
FIG. 3 is a sectional view showing the structure of a 

directional control valve shown in FIG. 1. 
FIG. 4 is a graph showing the relationship in opening 

area between a meter-in variable restrictor and a vari 
able restrictor in a bleed passage both shown in FIGS. 
1 and 3. a 

FIG. 5 is a sectional view showing a modi?cation of 
the valve structure shown in FIG. 3. 

FIG. 6 is a schematic diagram of a hydraulic drive 
system according to a second embodiment of the pres 
ent invention. 
FIG. 7 is a sectional view showing the structure of a 

directional control valve shown in FIG. 6. 
FIG. 8 is a sectional view showing a modi?cation of 

the valve structure shown in FIG. 7. 

BEST MODE FOR CARRYING OUT THE 
INVENTION. 

Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. To 
begin with, a ?rst embodiment of the present invention 
will be explained by referring to FIGS. 1 to 4. 

In FIG. 1, there is shown a hydraulic drive system of 
this embodiment equipped on hydraulic excavators, for 
example, that includes av hydraulic pressure supply unit 
50 comprising a hydraulic pump 1 of variable displace 
ment type and a pump controller 2 for controlling a 
displacement volume of the hydraulic pump 1, a plural 
ity of actuators such as a swing motor 3, a boom cylin 
der 4 and not-shown other excavator components in 
cluding left and right travel motors, an arm cylinder 
and a bucket cylinder, and directional control valves 5, 
6 and other not-shown circuit components for control 
ling the ?ow of hydraulic ?uid supplied from the hy 
draulic pump 1 to the respective actuators such as the 
swing motor 3 and the boom cylinder 4. 
The pump controller 2 of the hydraulic pressure sup 

ply unit 50 controls a delivery rate of the hydraulic 
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6 
pump 1 so that a differential pressure APLS 
(=Pd-PLS) between a delivery pressure Pd of the 
hydraulic pump 1 and a maximum load pressure among 
the plurality of actuators, i.e., a load sensing pressure 
PLS (described later) is held at a predetermined value. 
To this end, as shown in FIG. 2, the pump controller 2 
comprises a control actuator 51 for controlling the dis 
placement volume of the hydraulic pump 1, and a ?ow 
regulating valve _52 for controlling operation of the 
control actuator 51. The ?ow regulating valve 52 is 
provided at one end thereof with a drive sector 52a to 
which the pump delivery pressure Pd is introduced, and 
at the other end thereof with both a drive sector 52b to 
which the load sensing pressure PLS is introduced and 
a spring 520 for setting a target differential pressure, 
thereby controlling the delivery rate of the hydraulic 
pump 1 so that the force produced by the differential 
pressure APLS and the force imposed by the spring 52c 
are balanced with each other. 
The directional control valves 5, 6 and the other 

not-shown ones have the same structure. As shown in 
FIG. 3, the directional control valve 5 for controlling 
operation of the swing motor 3, by way of example, 
comprises a block 7 (valve body) and a spool 8 sliding 
through a bore 70 de?ned in the block 7. The block 7 is 
formed therein with a pump port 9, a pressure chamber 
10 capable of communicating with the pump port 9, a 
feeder passage 11 capable of communicating with the 
pressure chamber 10, actuator ports 12a, 12b capable of 
communicating with the feeder passage 11, and a reser 
voir port 13 capable of communicating with the actua 
tor ports 12a, 12b via respective drain chambers 13a, 
13b. Between the pump port 9 and the pressure chamber 
10, there are disposed meter-in variable restrictors 15a, 
15b each comprising a plurality of notches de?ned in a 
land 14 of the spool 8. The variable restrictor 15a per 
forms its function when the spool 8 is moved to the 
right in the drawing, whereas the variable restrictor 15b 
performs its function when the spool 8 is moved to the 
left in the drawing. A pressure compensating valve 16 is 
disposed .between the pressure chamber 10 and the 
feeder passage 11 and has a pair of opposite ends, one of 
which is subjected to a pressure P1 in the pressure 
chamber 10 and the other of which is subjected to the 
maximum load pressure among the plurality of actua 
tors, i.e., the load sensing pressure PLS, via a check 
valve 17 provided in the pressure compensating valve 
16. 
Through functions of the pressure compensating 

valve 16 and other ones of respective directional con 
trol valves associated with the remaining actuators, 
when the swing motor 3 and the boom cylinder 4 are 
simultaneously driven, or when the other plural actua 
tors are operated in a combined manner, the pressures 
P1 in the respective pressure chambers 10 become equal 
to one another in all of the directional control valves. 
On the other hand, since all of the directional control 
valves are connected to the hydraulic pump 1 in paral 
lel, pressures at the respective pump ports 9 are all equal 
to one another. Accordingly, the respective meter-in 
variable restrictors 15 of all of the directional control 
valves have differential pressures across them equal to 
one another, and ?ow rates of the hydraulic ?uid pass 
ing through the variable restrictors 15 are distributed in 
accordance with the ratio of opening area between the 
variable restrictors 15. 
The feeder passage 11 and the drain chambers 13a, 

13b of the directional control valve 5 are each selec 
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tively connected to corresponding one of the actuator 
ports 12a, 12b upon operation of respective main spool 
sections 19 provided on the spool 8. More speci?cally, 
when the spool 8 is moved to the right in the drawing, 
the feeder passage 11 is communicated with the actua 
tor port 12a and the actuator port 12b is communicated 
with the drain chamber 13b. When the spool 8 is moved 
to the left in the drawing, the feeder passage 11 is com 
municated with the actuator port 12b and the actuator 
port 120 is communicated with the drain chamber 13a. 
The above is also equally applied to the feeder passage, 
the discharge passage and the actuator port of any other 
directional control valve. As a result, the hydraulic 
?uid distributed in a manner as set forth before is sup 
plied to the swing motor 3 and others via the respective 
actuator ports and then returned back to the reservoir 
from the swing motor 3 and others, thereby carrying 
out the desired combined operation. 

Further, the block 7 and the spool 8 are formed 
therein with a bleed passage 21 capable of communicat 
ing between the feeder passage 11 and the reservoir port 
13b, and the spool 8 is formed therein with other vari 
able restrictors 22a, 22b movable together with the 
aforesaid variable restrictors 15a, 15b and located in the 
bleed passage 21. The variable restrictor 220 performs 
its function when the spool 8 is moved to the right in the 
drawing, whereas the variable restrictor 22b performs 
its function when the spool 8 is moved to the left in the 
drawing. The relationship in opening area between the 
variable restrictors 22a, 22b and the meter-in variable 
restrictors 15a, 15b is set such that, as shown in FIG. 4, 
as the opening areas of the meter-in variable restrictors 
15a, 15b are increased with the spool stroke increasing, 
the opening areas of the other variable restrictors 22a, 
22b become smaller. Additionally, between a branch 
point of the feeder passage 11 from the bleed passage 21 
and the actuator ports 12a, 12b, there is disposed a load 
check valve 23 adjacent to the pressure compensating 
valve 16 for preventing a reverse ?ow of the hydraulic 
?uid from the pump port 12a or 12b. 
The feeder passage 11 is connected to an external 

signal line 18 via the aforesaid check valve 17 and when 
to a signal line 20 common to all of the directional con 
trol valves, the signal line 20 being led to the aforesaid 
pump regulator 2. The signal line 20 is also connected to 
the reservoir via a restrictor 20a for releasing the pres 
sure while the directional control valve is in a neutral 
state. With such an arrangement, the maximum load 
pressure among the plurality of actuators is applied as 
the load sensing pressure PLS to the other end of the 
pressure compensating valve 16 as set forth before and, 
at the same time, the load sensing pressure PLS is ap 
plied to the pump controller 2. Consequently, the pump 
controller 2 performs the above-stated control called 
load sensing control, that is to say, controls the delivery 
rate of the hydraulic pump 1 so that the pump pressure 
Pd is held higher by a fixed value than the maximum 
load pressure PLS. 

In this embodiment thus arranged, when the plural 
directional control valves, e.g., the directional control 
valves 5, 6, are operated, the ?ow rates of the hydraulic 
?uid supplied to the swing motor 3 and the boom cylin 
der 4 are distributed in accordance with the ratio of 
opening area between the respective meter-in variable 
restrictors 150 or 15b as explained above. More speci? 
cally, when the directional control valves 5, 6 are oper 
ated, the delivery rate of the hydraulic pump 1 is con 
trolled by the pump controller 2 so that the pump pres 
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8 
sure Pd is held higher by a ?xed value than the load 
sensing pressure, i.e., the maximum load pressure PLS. 
The hydraulic ?uid delivered from the hydraulic pump 
1 passes through the respective variable restrictors 150 
or 15b of the directional control valves 5, 6, following 
which it is led to the pressure chambers 10 and, subse 
quently, therefrom to the feeder passages 11 via the 
pressure compensating valves 16. The respective pres 
sure compensating valves 16 have ?rst ends to which 
the pressure P1 in the pressure chambers 10 is applied, 
and second ends to which the maximum load pressure 
PLS is applied. Therefore, both the pressures in the 
pressure chambers 10 of the directional control valves 
5, 6 become equal to each other, resulting in that the 
?ow rates of the hydraulic ?uid supplied to the actua 
tors 3, 4 are distributed in accordance with the ratio of 
opening area between the respective meter-in variable 
restrictors 150 or 15b. 

In addition, the feeder passage 11 of the directional 
control valve 5, for example, is capable of communicat 
ing with the drain chamber 13b via the bleed passage 21. 
On this occasion, the amount by which the bleed pas 
sage 21 is restricted is determined by the variable re 
strictor 220 when the spool 8 of the directional control 
valve 5 is being displaced to the right in FIG. 3, and by 
the variable restrictor 22b when it is being displaced to 

' the left. On the other hand, a load pressure signal is led 
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from the bleed passage 21 to the signal line 18 via the 
check valve 17 provided in the pressure compensating 
valve 16. The hydraulic ?uid introduced from the pres 
sure chamber 10 to the bleed passage 21 is further intro 
duced to the downstream side of the feeder passage 11 
and then to any one of the actuator ports 12a, 12b de 
pendent on the direction of movement of the spool 8, 
followed by supply to the swing motor 3. 

Consider now the case that the directional control 
valve 5 is operated to drive the swing motor 3 with an 
intention of driving the swing (not shown) as an inertial 
body. It is to be noted that the following explanation 
also holds true for the combined operation of driving 
the swing motor 3 and the directional control valve 4, 
because the swing motor is on the higher load side. 
When the swing motor 3 is driven aiming to drive the 
swing as an inertial body, the delivery rate of the hy 
draulic pump 1 is controlled so that the differential 
pressure between the pressure Pd at the pump port 9 
and a pressure P3 in the bleed passage 21, i.e., PLS, is 
held at a fixed value. At this time, since only the pres 
sure P3 in the bleed passage 21 acts as a back pressure of 
the pressure compensating valve 16, the pressure loss 
between the pressure chamber 10 and the bleed passage 
21 is produced by only the force of a spring 160 acting 
on the pressure compensating valve 16, but the value of 
that force is as small as negligible. In other words, the 
load sensing differential pressure APLS (=Pd-PLS) is 
primarily governed by the pressure loss due to the me 
ter-in variable restrictor 15a or 15b and the delivery rate 
of the hydraulic pump 1 is proportional to the opening 
area of the variable restrictor 150 or 151;. The hydraulic 
?uid delivered from the hydraulic pump 1 is introduced 
to the bleed passage 21 via the pressure compensating 
valve 16. Following that, a part of the hydraulic ?uid 
introduced to the bleed passage 21 is led to the drain 
chamber 130 via the bleed passage 21 and the variable 
restrictor 220 or 22b and then to the reservoir via the 
reservoir port 13. The rest of the hydraulic ?uid is sup 
plied to the swing motor 3 via the load check valve 23, 
the feeder passage 11 and the actuator port 120 or 12b as 
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mentioned before. On this occasion, the maximum pres 
sure available in the bleed passage 21, i.e., how far the 
pressure in the bleed passage 21 is able to increase in 
units of Kg-f/cm2 with the actuator port 120 or 12b 
blocked, is determined by the relationship in balance 
between the opening area of the meter-in variable re 
strictor 150 or 15b and the opening area of the variable 
restrictor 220 or 22b. 

Thus, when the directional control valve 5 is shifted 
with an intention of turning the swing as an inertial 
body, a part of the hydraulic' ?uid introduced to the 
bleed passage 21 is led to the reservoir port 13 via the 
variable restrictor 220 or 22b to thereby limit a rise in 
the pressure P2. In addition, the opening area of the 
variable restrictor 220 or 22b is changed dependent on 
the movement of the meter-in variable restrictor 15 to 
achieve pressure control. When the swing motor 3 
starts its rotation and the hydraulic ?uid now ?ows into 
the swing motor 3 via the actuator port 120 or 12b, the 
actuator pressure P2 is reduced and so is the bleed pres 
sure P3, whereby the amount of the hydraulic fluid 
?owing into the tank port 13 from the bleed passage 21 
via the variable restrictor 220 or 22b is reduced. As a 
result, the hydraulic ?uid can be supplied to the swing 
motor 3 in such a manner as to prevent an excessive rise 
in the pressure, and the swing (not shown) can be driven 
smoothly, allowing the operator to feel no shock. The 
above operation is not limited to the case of operating 
the swing motor 3 adapted to drive the swing, and is 
equally applied to the case of driving the boom and the 
travel body (not shown). 
Even if the delivery rate of the hydraulic pump is 

fluctuated to some extent during the time in which the 
above operation is being carried out, a part of the hy 
draulic ?uid is returned to the reservoir via the bleed 
passage 21 and the variable restrictor 22a or 22b. There 
fore, change in the load sensing pressure incidental to 
slight ?uctuations in the delivery rate is suppressed to 
prevent the circuit oscillating by such slight ?uctuations 
in the delivery rate. 

Further, when the load pressure is changed so as to 
increase during operation of the swing motor 3, for 
example, the flow rate of the hydraulic ?uid passing 
through the directional control valve 5 is controlled by 
the pump ?ow controller 2 to be kept constant. How 
ever, the resulting rise in the load pressure increases the 
flow rate of the hydraulic ?uid returned to the reservoir 
via the bleed passage 21. Accordingly, the ?ow rate of 
the hydraulic ?uid supplied to the swing motor 3 is so 
reduced that the swing motor 3 is stably rotated without 
causing vibration. 

In the structure of the directional control valve with 
this embodiment, since the meter-in variable restrictors 
15a, 15b and the variable restrictors 22a, 22b in the 
bleed passage 21 are formed on the same spool 8, the 
valve structure is quite simpli?ed, which results in the 
reduced manufacture cost of the directional control 
valve. 
A modi?cation of the directional control valve with 

this embodiment will be described with reference to 
FIG. 5. In FIG. 5, feeder passages llAa, 11Ab corre 
sponding to the aforesaid feeder passage 11A shown in 
FIG. 3 are formed in a spool 8A of a directional control 
valve 5A, and load check valves 23Aa, 23Ab are re 
spectively installed in the feeder passages 11Aa, 11Ab 
to prevent the hydraulic ?uid from reversely ?owing 
from pump ports 12a, 12b. The block 7A has formed 
therein a bleed passage 21A, a bleed chamber 21Aa 
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positioned outwardly of the drain chamber 13b in the 
axial direction, a bleed auxiliary passage 21Ab for com 
municating between the bleed passage 21A and the 
bleed chamber 21Aa, and a bleed auxiliary passage 
21Ac capable of communicating between the bleed 
chamber 21Aa and the drain chamber 13b. Those pas 
sages and the chambers jointly constitute the aforesaid 
bleed passage 21 shown in FIG. 3. Variable restrictors 
22Aa, 22Ab are formed in those portions of the spool 
8A adjacent to the bleed auxiliary passage 21Ac. The 
bleed passage 21A also functions as a part of the feeder 
passage such that the hydraulic ?uid having passed 
through the pressure compensating valve 16A ?ows 
into the feeder passages 11Aa, llAb via the bleeder 
passage 21A. Check valve 17A is identical to the afore 
said check valve 17 shown in FIG. 3, but is provided 
outwardly of the block 7A. The directional control 
valve 5A thus arranged can also operate in a like man 
ner to the aforesaid directional control valve 5 shown in 
FIG. 3. 
A second embodiment of the present invention will 

be described with reference to FIGS. 6 and 7. 
In FIG. 6, a hydraulic drive system of this embodi 

ment includes directional control valves 5B, 6B and 
other not-shown directional control valves for control 
ling respective ?ows of a hydraulic ?uid supplied from 
a hydraulic pump 1 to actuators such as a swing motor 
3 and a boom cylinder 4. All of these directional control 
valves have the same structure. The directional control 
valve 5B for controlling operation of the swing motor 3, 
by way of example, comprises a block 7B and a bleed 
passage 21B formed in a spool 8B, with a ?xed restrictor 
30 being provided in the bleed passage 21B formed in 
the block 7B, as shown in FIG. 7. A portion of the bleed 
passage 21B downstream of the ?xed restrictor 30 is 
communicated with an external signal line 31 via a sig 
nal passage 31a, and the signal line 31 is connected to a 
common signal line 20 via a check valve 32. Thus, in 
this embodiment, the pressure in the bleed passage 21B 
downstream of the ?xed restrictor 30 is applied as the 
load sensing pressure to the pump controller 2. 
On the other hand, the feeder passage 11 is connected 

to an external common signal line 33 via a check valve 
17, and a maximum load pressure PLmax among the 
plurality of actuators, led to the signal line 33, is applied 
to one end of a pressure compensating valve 16. 
Thereby, as with the above ?rst embodiment, the flow 
rates of the hydraulic ?uid supplied to the swing motor 
3 and the boom cylinder 4 are distributed in accordance 
with the ratio of opening area between respective me 
ter-in variable restrictors 1512 or 15b. 
With this embodiment thus arrangement, like the 

above ?rst embodiment, it is possible to distribute the 
flow rates of the hydraulic ?uid supplied to the respec 
tive actuators 3, 4 in accordance with the ratio of open 
ing area between the corresponding variable restrictors 
for effecting the smooth combined operation, suppress a 
rise in the load pressure when the swing motor 3 is 
driven, to prevent abrupt operation of the swing motor 
3 for ensuring smooth driving of the swing, and sup 
press change in the load sensing pressure under an ac 
tion of the bleed passage 21B even if the delivery rate 
from the hydraulic pump 1 is ?uctuated to some extent, 
thereby preventing the occurrence of oscillation in the 
circuit. 

Additionally, when the load pressure of the actuator, 
for example, the swing motor 3, is changed so as to 
increase in this embodiment, the ?ow rate of the hy 
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draulic ?uid passing through the ?xed restrictor 30 
provided in the bleed passage 21B is increased and thus 
the pressure drop across the ?xed restrictor 30 is en 
larged. On the other hand, the pump controller 2 con 
trols the delivery rate of the hydraulic pump 1 so that 
the delivery pressure of the hydraulic pump 1 is held 
higher by a ?xed value than the pressure P2 residing 
between the variable restrictor 220 or 22b and the ?xed 
restrictor 30 in the bleed passage 21B. Therefore, as the 
load pressure increases, the differential pressure across 
the meter-in variable restrictor 150 or 1517 is reduced 
and so is the ?ow rate of the hydraulic ?uid passing 
through the directional control valve 5B. Conse 
quently, with not only an increase in the ?ow rate of the 
hydraulic ?uid returned to the reservoir via the bleed 
passage 21B as set forth above in connection with the 
?rst embodiment, but also a decrease in the ?ow rate of 
the hydraulic ?uid passing through the directional con 
trol valve 5B, the ?ow rate of the hydraulic ?uid sup 
plied to the swing motor 3 is reduced so that the vibra 
tion of the actuator is damped. 

In addition, this embodiment is further advantageous 
in making the energy loss smaller because the provision 
of the ?xed restrictor 30 results in the reduced ?ow rate 
of the hydraulic ?uid to be returned to the reservoir via 
the bleed passage 21B. 
A modi?cation of the directional control valve in the 

above second embodiment will be explained by refer 
ring to FIG. 8. This modi?cation is obtained by apply 
ing the concept of the second embodiment to the valve 
structure shown in FIG. 5. More speci?cally, a restric 
tor 30C is disposed in the bleed auxiliary passage 21Ab, 
the bleed chamber 21Aa is communicated with an exter 
nal signal line 31 via a signal passage 31a, and the signal 
line 31 is connected to the common signal line 20 via a 
check valve 32. The bleed passage 21A serving also as 
a part of the feeder passage is connected to a common 
signal line 33 via the external check valve 17A. The 
directional control valve of this modi?cation can also 
operate in a like manner to the aforesaid directional 
control valve 5B shown in FIG. 7. 

INDUSTRIAL APPLICABILITY 
With the arrangement explained above, the hydraulic 

drive system for construction machines of the present 
invention can realize pressure control while maintaining 
adequate distribution of ?ow rates, to thereby smoothly 
drive an inertial body and make the operator free from 
any shock, and can suppress change in the load sensing 
pressure incidental to ?uctuations in the pump delivery 
rate, thereby preventing the circuit from oscillating by 
such ?uctuations in the pump delivery rate. Moreover, 
even when the load pressure is changed so as to increase 
during operation of an actuator, vibration produced in 
the circuit can be damped with the result of the im 
proved working ef?ciency. 
We claim: , 

1. A hydraulic drive system for a construction ma 
chine comprising hydraulic pressure supply means; a 
plurality of actuators driven by a hydraulic ?uid sup 
plied from said hydraulic pressure supply means; and a 
plurality of directional control valves respectively dis 
posed between said hydraulic pressure supply means 
and said plurality of actuators, and each comprising a 
pump port, a pressure chamber capable of communicat 
ing with said pump port, a feeder passage capable of 
communicating with said pressure chamber, actuator 
ports capable of communicating with said feeder pas~ 
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sage, a reservoir port capable of communicating with 
said actuator ports, ?rst meter-in variable restrictors 
disposed between said pump port and said pressure 
chamber, and a pressure compensating valve disposed 
between said pressure chamber and said feeder passage 
and having a pair of opposite ends, one of which is 
subjected to a pressure in said pressure chamber and the 
other of which is subjected to a maximum load pressure 
among said plurality of actuators, said hydraulic pres 
sure supply means having a hydraulic pump and pump 
?ow control means for controlling a delivery rate of 
said hydraulic pump so that a delivery pressure of said 
hydraulic pump is held higher by a predetermined value 
than the maximum pressure obtained, as a load sensing 
pressure, from load pressures of said plurality of actua 
tors, wherein: 

at least one of said plurality of directional control 
valves has a bleed passage for communicating be 
tween said feeder passage and said reservoir port, 
and second variable restrictors disposed in said 
bleed passage and moved in conjunction with said 
?rst meter-in variable restrictors and being kept 
open after displacement of the corresponding di 
rectional control valve from a substantially neutral 
position and after said ?rst meter-in variable re 
strictors are opened. 

2. A hydraulic drive system according to claim 1, 
wherein said second variable restrictors are set such 
that opening areas thereof become smaller as opening 
areas of said ?rst variable restrictors increase. 

3. A hydraulic drive system according to claim 1, 
wherein said directional control valve further com 
prises a third restrictor disposed in a portion of said 
bleed passage between said feeder passage and said 
second variable restrictors, and a signal passage for 
introducing, as said load sensing pressure, a pressure 
residing in a portion of said bleed passage between said 
second variable restrictors and said third restrictor. 

4. A hydraulic drive system according to claim 3, 
wherein said directional control valve further com 
prises a load check valve disposed between a connec 
tion point of said feeder passage to said bleed passage 
and said actuator ports. 

5. A hydraulic drive system according to claim 3, 
wherein said directional control valve has a spool mov 
able through a stroke dependent on an operation 
amount, and said ?rst and second variable restrictors 
are formed on said the same spool. 

6. A hydraulic drive system according to claim 1, 
wherein said directional control valve further com 
prises a load check valve disposed between a connec 
tion point of said feeder passage to said bleed passage 
and said actuator ports. 

7. A hydraulic drive system according to claim 1, 
wherein said directional control valve has a spool mov 
able through a stroke dependent on an operation 
amount, and said ?rst and second variable restrictors 
are formed on said the same spool. 

8. A directional control valves comprising a pump 
port, a pressure chamber capable of communicating 
with said pump port, a feeder passage capable of com 
municating with said pressure chamber, actuator ports 
capable of communicating with said feeder passage, a 
reservoir port capable of communicating with said actu 
ator ports, ?rst meter-in variable restrictors disposed 
between said pump port and said pressure chamber, and 
a pressure compensating valve disposed between said 
pressure chamber and said feeder passage and having a 
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pair of opposite ends, one of which is subjected to a 
pressure in said pressure chamber and the other of 
which is subjected to a maximum load pressure among 
a plurality of actuators, wherein: 

said directional control valve further comprises a 
bleed passage for communicating between said 
feeder passage and said reservoir port, and second 
variable restrictors disposed in said bleed passage 
and moved in conjunction with said ?rst meter-in 
variable restrictors and being kept'open after dis 
placement of the corresponding directional control 
valve from a substantially neutral position and after 
said ?rst meter-in variable restrictors are opened. 

9. A directional control valve according to claim 8, 
wherein said directional control valve has a spool mov 
able through a stroke dependent on an operation 
amount, and said ?rst and second variable restrictors 
are formed on said the same spool. 
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10. A directional control valve according to claim 8, 

wherein said second variable restrictors are set such 
that opening areas thereof become smaller as opening 
areas of said ?rst variable restrictors increase. 

11. A directional control valve according to claim 8, 
wherein said directional control valve further com 
prises a third restrictor disposedin a portion of said 
bleed passage between said feeder passage and said 
second variable restrictors, and a signal passage for 
introducing, as a load sensing pressure, a pressure resid 
ing in a portion of said bleed passage between said sec 
ond variable restrictors and said third restrictor. 

12. A directional control valve according to claim 8, 
wherein said directional control valve has a spool mov 
able through a stroke dependent on an operation 
amount, and said ?rst and second variable restrictors 
are formed on said the same spool. 
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